Object: This study aimed at investigating the clinical significance and biological function of ubiquitination factor E4B (UBE4B) in human renal cell carcinoma (RCC). Methods: 19 paired clear cell renal cell carcinoma (ccRCC) tumor samples and the matched neighboring non-tumor samples were used to detect the expression of UBE4B in RCC tumor by Western blotting and RT-qPCR. UBE4B expression was also detected in 151 ccRCC paraffin-embedded tumor samples by using immunohistochemistry. Overall survival (OS) in different UBE4B expression groups were compared with Log rank test. The prognostic value of UBE4B expression in OS was evaluated with the univariate and multivariate Cox regression models. UBE4B was knocked down by small interfering RNA (siRNA) technology, and the effect of UBE4B on cell proliferation, colony formation, metastasis, apoptosis and cell cycle of RCC cells were examined in vitro. Results: Both protein and mRNA levels of UBE4B were up-regulated in ccRCC tumor tissues in contrast to the corresponding adjacent nontumor ones. UBE4B expression was positively associated with tumor-node-metastasis (TNM) stage and distant metastasis in ccRCC patients. Survival analyses indicated that low expression of UBE4B was associated with increased OS in ccRCC patients. Functional analyses demonstrated that siRNA silencing of UBE4B expression in SKRC39 and ACHN cells further reduced the growth, motility and invasiveness of RCC cells. Moreover, siRNA silencing of UBE4B in the RCC cell lines did not induce apoptosis, and an increase in the cell population was observed during the G 0 /G 1 phase of the cell cycle. Conclusion: UBE4B might act as an oncogene in regulating RCC development. Therefore it could be served as an effective indicator to predict OS and a potential biomarker for targeted therapy of RCC patients. Keywords: renal cell carcinoma, UBE4B, prognosis, oncogene Renal cell carcinoma (RCC) is a fatal genitourinary malignancy, and the most common adult kidney cancer.
involved in the pathogenesis of RCC has not been clarified yet. Hence, a novel molecular marker suitable for early diagnosis and more effective targeted therapy to ameliorate the outcome of RCC patients are urgently needed.
The ubiquitination factor E4B gene (UBE4B), also referred to as UFD2a, is one of the two human homolog of the UFD2 yeast gene. 8, 9 UBE4B is located in chromosome 1p36 and encodes ubiquitin conjugation factor E4 that is involved in multiubiquitin chain assembly. 10, 11 Ubiquitination is critical in cell functions such as proliferation, apoptosis, cell cycle regulation and DNA repair, and deregulation of certain types of protein that are involved in the tumorigenesis of many types of tumor. 12, 13 E4 is a key newly discovered class of ubiquitination enzyme during protein ubiquitination. Generally, dysfunction of anti-oncogene, e.g.p53, is crucial during tumor progression. [14] [15] [16] Recent studies showed that UBE4B facilitated the polyubiquitination and degeneration of p53. [17] [18] [19] [20] Moreover, UBE4B aberrant expression has been reported in several kinds of cancers, such as breast cancer, 21 promyelocytic leukemia 22 and nasopharyngeal carcinoma. 23 Our previous study also demonstrated that UBE4B overexpression promoted the tumorigenesis of hepatocellular carcinoma (HCC) and was related to a poor outcome in HCC patients. 24 As far as we know, the expression and prognostic value of UBE4B in tumorigenesis of RCC has not been clarified yet. Aiming to reveal the clinical value of UBE4B in RCC, the expression and prognostic values of UBE4B in RCC was investigated. Additionally, the effect of UBE4B in RCC progression was also evaluated by using different RCC cell lines.
Materials and Methods

Human Clinical Samples
Since clear cell renal cell carcinoma (ccRCC) comprises approximately 75% of RCC in surgical series, 25, 26 ccRCC subtype was selected to be the research subject. 151 ccRCC patients who had undergone nephrectomy without preoperative radiotherapy or chemotherapy were selected from the Sun Yat-sen University Cancer Center (SYSUCC) between 2012 and 2014, and their corresponding paraffin-embedded tumor samples were obtained. All the RCC patients' postoperative histopathology diagnosis were confirmed as ccRCC by qualified Pathologists based on World Health Organization (WHO) classification standard, 27 and their pathological grading were graded following the nuclear grading system (Fuhrman et al 1982) . 28 The TNM stage was staged by radiographic findings and postoperative pathological data according to 2010 American Joint Committee on Cancer (AJCC) TNM classification. 29 The patient demographics and followup data were obtained from the follow-up center of SYSUCC. Overall survival (OS) was employed as an index to evaluate the prognosis, and it was defined as the time from the date of operation to death or the latest follow-up. In addition, 19 paired ccRCC tumor samples and the matched neighboring non-tumor samples were acquired from ccRCC patients undergoing surgical resection at SYSUCC in 2015.
Cell Lines
Five human RCC cell lines (786-O, CaKi-1, SKRC39, ACHN and A498) were acquired from the American Type Culture Collection (ATCC, Rockville, MD, USA). All the cells were cultured in RPMI1640 medium (Gibco, Grand Island, NY, USA) added with 10% FBS (Gibco, Grand Island, NY, USA) and 1% penicillin-streptomycin in 5% CO 2 humidified atmosphere at 37°C.
Cell Transfection with Small Interfering RNA (siRNA)
As shown in Table 1 , four siRNAs (siUBE4B #1-4) and a negative control (siNC) were purchased from GenePharma (GenePharma, Suzhou, China). The siUBE4B and siNC were transfected transiently into SKRC39 and ACHN cells via Lipofectamine 2000 (Invitrogen, Carlsbad, CA,USA) based on the product's specification. The transfected cells were named as SKRC39/siUBE4B, SKRC39/siNC, ACHN/siUB E4B, and ACHN/siNC, respectively. ) method was applied to quantify the relative transcript levels of the UBE4B gene which was normalized by the corresponding values of glyceraldehyde-3-phosphate dehydrogenase (GAPDH). The sequences of all primers used were as follows: the reference gene, GAPDH, forward 5ʹ-CTCCTCCTGTTCGACAGTC AGC-3ʹ, reverse 5ʹ-CCCAATACGACCAAATCCGTT-3ʹ; the target gene, UBE4B, forward 5ʹ-CCAAAGAAGCTG TTGGACCAACTG-3ʹ, reverse 5ʹ-GGGTGTCCATCAGAG GGTCTCTG-3ʹ.
Western Blotting
Radio-Immunoprecipitation Assay (RIPA) Lysis Buffer (Beyotime, Shanghai, China) was used to extract total proteins. The concentration of total proteins was determined using the BCA Protein Assay Kit (Bio-Rad; Hercules, CA, USA), and the optical density (OD) was recorded at 562 nm by a microplate spectrophotometer (EPOCH2, Bio-Tek, Winooski, USA). Western blotting and the quantification of band intensity were performed as described previously. 30 The following antibodies were applied: rabbit polyclonal antibody against UBE4B applied. Immunohistochemistry staining and a semiquantitative scoring criterion for the assessment of UBE4B immunostaining degree were performed as indicated in our previous study. 30 For negative controls, tissue sections were immunoreacted with PBS under the same experimental conditions. The quantification of UBE4B expression levels in ccRCC paraffin-embedded samples were evaluated according to the staining intensity and the positively stained areas of tumor cells by 2 independent pathological professionals (HXQ and ZZQ) who were blinded to the clinicopathological parameters under a light microscope (Nikon, ECLIPSE E100, Japan). If the two evaluations of one sample were different, a third pathologist would participate to determine the final evaluation. The semi-quantitative scoring criterion was as follows: the percent of positive staining was defined as 0 (<5%, negative), 1 (5%-25%, sporadic), 2 (25%-50%, focal), or 3 (>50%, diffuse); staining intensity was classified as 0 (no staining), 1 (weak staining), 2 (moderate staining) and 3 (strong staining). The two values were multiplied to give sum scores of the immunostaining between 0 and 9. These were used to define the expressions of UBE4B as follows: "−" (score 0-1), "+" (score 2-3), "++" (score 4-5) or "+++" (>6 points). The sampled patients were divided into low UBE4B expression (UBE4B-or UBE4B+) or high UBE4B expression groups (UBE4B++ or UBE4B+++).
Proliferation Assay
A density of 800 transfected cells per well were plated and cultured in 96-well plates. Cell proliferation was evaluated for 7 consecutive days using the methanethiosulfonate (MTS) assay. In brief, 20 μL MTS reagent (5 mg/mL, Sigma-Aldrich, Shanghai, China) was added to the plated cells and the optical density (OD) was recorded at 490 nm by a spectrophotometric reader (EPOCH2, Bio-Tek, Winooski, USA) after 3 hrs' incubation. All experiments were repeated in triplicate.
Colony Formation Assay
A density of 1000 transfected cells per well were plated and cultured in 6-well plates in triplicate. After 12 days, the living cells were fixed and stained. The colonyforming efficiency was evaluated as our previous study. 30 
Cell Cycle Analysis
To determine cell cycle distribution, the targeted cells were preprocessed and treated with cell cycle detection kit (Bestbio, Shanghai, China) according to the product's specification. DNA content of cells was tested using a flow cytometry (Beckman Coulter, Fullerton, CA, USA). Cell Quest and ModFit software (Beckman Coulter) were used to calculate the proportion of cells at different cell cycle phase. All experiments were conducted in triplicate.
Apoptosis Assay
The Annexin V-FITC Apoptosis Detection Kit (BD Biosciences, Bedford, MA, USA) was used to examine the apoptosis rates of cells following the product's instruction by flow cytometry (Beckman Coulter, Fullerton, CA, USA). The experiments were repeated three times. 
Cell Migration and Invasion Assays in vitro
Results
The Expression of UBE4B in RCC Samples and RCC Cell Lines RT-qPCR was applied to determine the mRNA levels of UBE4B in 19 pairs of RCC tissues and the matched nontumor tissues. Compared with the corresponding non-tumor tissues, the mRNA levels of UBE4B were remarkably up-regulated in 14/19 (73.7%) RCC tissues (P= 0.0125; Figure 1A ). Similar to the RT-qPCR results, the protein expression levels of UBE4B were remarkably higher in 15/19 (78.9%) of the RCC tissues than the corresponding nontumor tissues (P= 0.0331; Figure 1B and C). UBE4B expression was tested in five human RCC cell lines so as to choose the most suitable cells to be transfected. Relatively higher expression of UBE4B was found in SKRC39 and ACHN cells than the other cell lines examined by Western blotting (Figure 2A and B) . Accordingly, SKRC39 and ACHN were selected as the optimal cells to be transfected with four targeting-siRNAs (siUBE4B#1-4). After 48 hrs' transfection, the knockdown efficiency of UBE4B was assessed by Western blotting. The outcomes suggested that the level of UBE4B expression was inhibited efficiently in both cell lines transfected with either siUBE4B #2 or siUBE4B #3 ( Figure 2C and D).
Immunohistochemical UBE4B Intensity and Its Association with the Baseline Variables of RCC Patients
To explore the clinical significance of UBE4B in RCC, the relationship between the expression of UBE4B and baseline features were examined. As indicated in Figure 3 , the positive staining of UBE4B was mostly distributed in the cell membrane and/or cytoplasm. The 151 patients were divided into the high UBE4B expression group (n=72) or low UBE4B expression group (n=79). The relationship between UBE4B expression and the baseline variables of RCC were shown in Table 2 . X 2 test analyses revealed that UBE4B expression in RCC tissues was obviously associated with TNM stage (P<0.001). Moreover, the higher incidence of distant metastases was observed in the high UBE4B expression group (P=0.005), and none of other baseline features were related to UBE4B expression.
Association of UBE4B Expression with RCC Patient Survival
The relationship between UBE4B expression and patient survival was analyzed to assess the prognostic value of UBE4B expression in RCC patients. Kaplan-Meier analyses indicated that worse OS was found in patients of the UBE4B high expression group (P<0.001, Figure 4A ). Univariate Cox regression analyses revealed that gender (P=0.036), tumor sizer (P=0.012), histological grade (P=0.036), UBE4B expression (P=0.001) and distant metastasis (P<0.001) were all remarkable risk factors (Table 3) . Multivariate Cox regression analyses showed that high UBE4B expression was an independent factor of poor outcome in RCC patients (P= 0.034, Table 3 ). To further prove the prognostic value of UBE4B expression in RCC, subgroup analysis based on several clinical variables was conducted. The prognostic value of UBE4B expression was analyzed when patients were grouped based on Fruhman grade, Renal capsular invasion (RCI) and distant metastasis (DM). We found that high and low UBE4B expression groups displayed remarkably different OS according to Fruhman grade ( Figure 4B and C), DM ( Figure 4D ) and RCI ( Figure 4E and F) . On the whole, these findings showed that UBE4B expression could effectively predict the outcome of RCC patients.
Effect of UBE4B on the Growth of RCC Cells
Cell proliferation and colony formation assays were carried out to find out whether UBE4B could influence tumor growth in vitro. SKRC39/siUBE4B and ACHN/siUBE4B cells showed inhibited proliferation (all P<0.05, Figure 5A and B) and colony-forming abilities compared with SKRC39/siNC and ACHN/siNC cells (all P<0.001, Figure 5C and D). These findings revealed that UBE4B may enhance the growth of RCC cells in vitro. 
Effect of UBE4B in Cell Cycle and Apoptosis in RCC Cells
Apoptosis and cell cycle analyses were performed to examine whether the UBE4B knockdown-mediated inhibition of RCC cells growth is related to cell cycle arrest or an induction of apoptosis. Results revealed that knockdown of UBE4B in SKRC39 and ACHN cells resulted in more percentages of cells in the G 0 /G 1 phase and fewer percentages of cells in the S phase (P<0.05, Figure 6A and B), and no remarkable differences were found in the percentages of apoptotic cells between RCC cells transfected with siUBE4B and those transfected with siNC (both P>0.05, Figure 6C and D).
Effect of UBE4B on the Metastasis of RCC Cells
Previous results indicated that UBE4B expression was obviously associated with tumor distant metastasis ( Table 2) .
Subsequent analyses were conducted to ascertain the effect on metastasis in RCC through Boyden chamber migration and Matrigel invasion assays. Transwell assay displayed that the metastasis ability of ACHN and SKRC39 cells transfected with siUBE4B were significantly suppressed compared to controlled cells (all P<0.01, Figure 7A -D).
Discussion
Recent findings on the role of UBE4B in the tumorigenesis of cancer are controversial. In this study, a series of ccRCC tissue samples were used to investigate UBE4B expression and its prognostic value in RCC patients. Meanwhile, a series of in vitro experiments were performed to clarify the potential mechanism of UBE4B in the progression of RCC. Our research showed that UBE4B expression was significantly upregulated at both transcriptional and translational levels of RCC tissues compared with the corresponding non-tumor tissues, which was similar to findings on breast cancer, 21 nasopharyngeal carcinoma 23 and hepatocellular carcinoma. Immunohistochemical analysis also indicated that the upregulated UBE4B expression was remarkably associated with advanced TNM stage and distant metastasis. These findings indicated that UBE4B could be served as an oncogene in several kinds of cancers. This study revealed that high UBE4B expression may be related to a poor clinical outcome in RCC patients. Moreover, multivariate analyses displayed that UBE4B expression was an independent prognostic indicator for OS. Similarly, our previous research had reported the relation between the magnifying expression of UBE4B and unfavorable prognosis in HCC. 24 Conversely, studies by Zage et al 31 and Sarah et al 32 reported that low UBE4B expression was related to an unfavorable prognosis in patients with neuroblastoma. These findings implied that UBE4B might act as a new prognostic indicator for patients with various malignancies.
Previous studies have identified that Histological differentiation and Renal capsular invasion could be independent prognostic variables for ccRCC. 33, 34 Multivariate Cox regression analyses in this study indicated that distant metastasis was an independent prognostic factor in RCC. To further prove the prognostic value of UBE4B in RCC, we conducted subgroup analysis based on Fruhman grade, Renal capsular invasion and Distant metastasis. The results suggested that no matter with low or high Furhman Grade or other independent prognostic variables, RCC patients which demonstrated high UBE4B expression had poorer OS. All the results of survival analysis highlighted the expression of UBE4B could be an independent prognostic indicator for OS in RCC patients either with low or high tumor burden.
Considering that UBE4B has oncogenic potential, a string of functional studies in RCC cell lines in vitro were conducted to explore whether the reduction of UBE4B . Right: colony-forming efficiencies were calculated after 12 days' conventional culture. Measurements were carried out in triplicate, and experiments were repeated three times. Data was presented as mean ± SD. P values were calculated using Student's t-test. *P<0.05, **P <0.01, and ***P<0.001, versus cells transfected with siNC. siNC represents negative control small interfering RNAs.
expression by siRNA could suppress tumor growth and metastasis. Proliferation and colony formation assays confirmed that silencing of UBE4B suppressed RCC cells growth and motility. Several studies had reported similar cellular functions of UBE4B in various types of solid cancers. 21 Recently, there is immense interest in restoring p53 activity in tumor cells by inhibiting the murine double minute 2 (MDM2, HDM2 in humans). Many relative studies concur that the interaction between MDM2 and p53 is a primary mechanism for inhibition of the p53 function in cancers retaining wild-type p53, and they found that inhibiting the MDM2 expression could reactivate p53 function, triggering p53-dependent cell cycle arrest or apoptosis in tumor cells with functional p53. [36] [37] [38] [39] Blocking the MDM2-p53 interaction to reactivate the p53 function has been recognized as a promising cancer therapeutic strategy, 40, 41 and a specific inhibitor of MDM2-p53 interaction is still under research. Currently, it has been reported that UBE4B functions as an E4 ligase is essential and required for MDM2 to promote the polyubiquitination and degradation of p53, thus negatively regulating the stability and function of p53. 22, 35 Wu et al 35 founded that the reduction of UBE4B expression facilitated the ability of p53 to retard BJT fibroblasts in the G1 phase of the cell cycle, which was similar to our finding that lowering UBE4B expression in RCC cells blocked cell cycle progression. Additionally, we learnt that MDM2-p53 interaction played a specific role in regulating the cell cycle in RCC cells. 39 Therefore, it is inferred that the function of UBE4B in cell cycle regulation may be involved in the MDM2-p53 pathway in human RCC cells. Our future work will focus on investigating whether UBE4B plays a part in regulating cell cycle-related molecular mechanisms in RCC.
To sum up, this study manifested that UBE4B was overexpressed in RCC, and high UBE4B expression was remarkably related to poor outcome in RCC patients after surgery. Apart from that, cellular function analysis indicated that inhibiting UBE4B expression could restrain RCC cell growth and motility ability, while inducing cell cycle arrest. These results suggested that UBE4B might act as an oncogene in the carcinogenesis of RCC and might serve as an effective indicator to predict OS and a potential biomarker for targeted therapy of RCC patients. Representative images are shown on the left (×200 magnification) with quantification of the numbers of cells in ten randomlyselected fields shown on the right. Data was shown as mean ± SD of three independent experiments. P-values were calculated using the Student's t-test; **P <0.01, ***P <0.001, versus cells transfected with siNC. siNC represents negative control small interfering RNAs.
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